akotsubo cardiomyopathy is a novel heart syndrome characterized by a transient left ventricular (LV) dysfunction with chest pain, ECG changes and not a high increase in cardiac enzymes, mimicking an acute myocardial infarction. 1,2 Because of the specific abnormalities of the LV contraction (ie, preserved basal function with apical akinesis or dyskinesis) the disease is also called as 'transient left ventricular apical ballooning' or 'ampulla cardiomyopathy '. 2,3 The general prognosis is considered to be rather favorable, 2-6 although some investigators have reported cases with various complications including death. [7] [8] [9] We present a case of takotsubo cardiomyopathy in a female patient who suffered a fatal LV free wall rupture and the results of a comprehensive histopathologic investigation.
akotsubo cardiomyopathy is a novel heart syndrome characterized by a transient left ventricular (LV) dysfunction with chest pain, ECG changes and not a high increase in cardiac enzymes, mimicking an acute myocardial infarction. 1, 2 Because of the specific abnormalities of the LV contraction (ie, preserved basal function with apical akinesis or dyskinesis) the disease is also called as 'transient left ventricular apical ballooning' or 'ampulla cardiomyopathy'. 2, 3 The general prognosis is considered to be rather favorable, [2] [3] [4] [5] [6] although some investigators have reported cases with various complications including death. [7] [8] [9] We present a case of takotsubo cardiomyopathy in a female patient who suffered a fatal LV free wall rupture and the results of a comprehensive histopathologic investigation.
Case Report
An 81-year-old woman with hypertension started to feel chest pains after a quarrel with her son. Next day stomach pains and diarrhea appeared but the chest pain became intermittent, and the symptoms were accompanied by general fatigue. On the third day she was admitted to hospital because of chest discomfort at rest and ECG signs of ST-segment elevation myocardial infarction (MI) (Fig 1A) . She had no history of prior angina or MI and no family history of heart disease and sudden death. On admission her heart rate was 104 beats/min, and blood pressure was 150/90 mmHg. Auscultation of the heart and lungs was normal, abdominal and neurological examination findings were negative, and there was no peripheral edema. Immediate coronary angiography did not reveal any significant coronary artery stenosis ( Figs 2A,B) ; the TIMI frame counts for the left anterior descending, circumflex and right coronary arteries were 29, 20 and 26 frames, respectively. However, ventriculography revealed a balloon-like LV motion abnormality with akinesis from the mid to apical portions and hyperkinesis of the base (Figs 2C,D) . The LV end-systolic and end-diastolic pressureas were 150 mmHg and 15 mmHg, respectively, and there was no pressure gradient from the apex and midportion to the outflow tract; other hemodynamic data and the laboratory data on admission are shown in Table. After angiography the patient reported pain relief and was taken to the intensive care unit; however, the ECG recording showed no restoration of normal ST-segment (Fig 1B) . The woman was stable during the first 40 h of admission, with no hemodynamic or arrhythmic problems, and she was given -blocker (metoprolol), angiotensin-converting enzyme inhibitor (ramipril) and aspirin; her blood pressure was within normal limits. She occasionally complained of chest discomfort; her creatine kinase-MB was maximal on admission and gradually diminished in further examinations, but the ST segment remained elevated ( Figs 1C,D) . After 40 h of admission she reported a sudden pain in the epigastric region and the symptoms of acute abdomen soon appeared (C-reactive protein reached 267 mg/dl). After surgical consultation the woman was taken to the operation room for urgent surgery where she suddenly lost consciousness, her blood pressure collapsed, followed by electromechanical dissociation. Resuscitation did not restore circulation and the patient died 44 h after admission. An 81-year-old woman with emotionally-induced takotsubo cardiomyopathy developed a fatal left ventricular (LV) apical rupture. During the hospitalization persistent ST-segment elevation with no electrocardiographic time evolution was observed on the ECG, characteristic for takotsubo cardiomyopathy. Histopathologically, transmural myocardial necrosis with hemorrhage was found at the rupture site, but there were foci of coagulation and contraction band necrosis with mononuclear lymphocyte infiltrations in other heart regions, and the intensity and distribution of these pathological changes corresponded to the distribution of the LV contraction abnormalities seen on ventriculography. The article concludes that: the LV functional disorder in takotsubo cardiomyopathy may be caused by distracted foci of coagulation and contraction band necrosis in the myocardium; contraction band necrosis (a sign of catecholamine cardiotoxicity) may reflect the sympathetic hyperactivity in this disease; 
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Pathological Investigation
The autopsy revealed hemopericardium with a LV free wall rupture measuring 10 mm in the apical region, and no obstructive lesions in the coronary arteries. Inside the heart, there was a mural thrombus in the apical area. Additionally, there were signs of peripheral mesenteric embolism with corresponding necrotic changes in the bowel (measuring 7 cm).
Microscopic examination revealed transmural myocardial necrosis with hemorrhage and mild focal polymorphonuclear leukocyte infiltration at the rupture site. In the apex (especially around the rupture), multiple fused foci of coagulation necrosis in various phase of myodestruction and contraction band necrosis were found (Fig 3) . These changes were not homogeneous, but consisted of multiple merged smaller foci and were accompanied by mononuclear lymphocyte infiltrations. In the midportion of the left ventricle, the foci were less frequent and only occasionally merged together; similar, single sites without merging were also found in the basal portion. There was no necrosis in the specimens coming from the right ventricle, in which there was only slight myocardial fibrosis.
Discussion
In most of the reported cases takotsubo cardiomyopathy has been associated with a very good prognosis (ie, symptoms and LV dysfunction disappear in a relatively short time). [2] [3] [4] [5] [6] Only a few investigators have described complications, usually heart failure, thrombus and arrhythmia, 9 but mechanical complications (such as cardiac rupture) are extremely rare. 7, 8 The cause of this disease, as well as the cause of the peculiar LV disorder, are unknown.
In the present case, an 81-year-old woman suffering from takotsubo cardiomyopathy died from a LV rupture. The unique observation in this case is that the LV functional abnormalities seen on ventriculography corresponded to the distribution and intensity of the coagulation and contraction band necrosis: most of the multiple foci of these changes were found in the apex, less frequently in the midportion and only occasionally in the basal portion, and they were accompanied by mononuclear lymphocyte infiltrations. This histopathologic picture is distinct from the diffuse myocardial necrosis with extensive polymorphonuclear infiltration usually seen around a rupture associated with MI. 10 To the best of our knowledge this is the second autopsy case of takotsubo cardiomyopathy; the first was reported by Ohara et al 8 who investigated a patient with LV free wall rupture and reported inflammatory infiltrates and myocytes necrosis only at the site of rupture, but, unlike our case, they did not report contraction band necrosis or any pathological changes in other regions of the heart. Wittstein et al performed endomyocardial byopsy in several patients with takotsubo cardiomyopathy and found multiple foci of contraction band myocyte necrosis and lymphocytic infiltrates. 4 Contraction band necrosis is typical of catecholamine cardiotoxicity, 10, 11 which is a form of myocyte injury that has been described in many clinical situations with catecholamine excess (eg, pheochromocytoma or subarachnoid hemorrhage). 12, 13 It has also been found in people who died in tragic circumstances. 14 Many researchers suggest that the huge sympathetic stimulation from emotional or physical stress plays a primary role in takotsubo cardiomyopathy, which is reflected in the high increase in the catecholamine plasma level in these patients. 2,4-6 However, it is unclear why the apex of the heart is usually affected and the basal segments are spared. One possible explanation is the different distribution of sympathetic nerves and the density of receptors in the LV myocardium (ie, being high in basal segments and low in the apex for the nerves, and low in basal segments and high in the apex for the receptors). 15, 16 We speculate that the distribution of sympathetic receptors corresponds to the distribution of the pathological changes in the present patient, which in turn corresponds to contraction abnormalities of the left ventricle. In an animal study, a 180-min electrical stimulation of a unilateral dorsal medulla in vagotomized cats caused significant dilatation of the left ventricle, especially in the apex, and additionally cardiac pathology revealed contraction band necrosis, myocardial hemorrhage and cardiomyocyte apoptosis. 17 That animal model of sympathetic hyperexcitation corresponds very well to both the functional and pathological features of takotsubo cardiomyopathy in humans. Nevertheless, we did not measure the patient's cathecholamine level, so it is hard to conclude that sympathetic hyperactivity and catecholamine excess caused the cardiac damage in the present case. Several reports support the concept of a functional coronary circulation disorder in takotsubo cardiomyopathy; both epicardial coronary arterial spasm and microvascular spasm are observed in the acute phase. 3, 6, 16 In the present patient we did not see any spontaneous coronary spasm, and the TIMI frame counts were within normal limits for all coronary arteries, despite the fact that the ST segment was still elevated. However, we can not definitely exclude coronary microvascular dysfunction.
The most important issue is how to predict cardiac rupture in usually benign takotsubo cardiomyopathy. In our opinion, the only symptoms that could reflect continuously occurring damage of the heart were the persistent STsegment elevation on ECG throughout the whole hospitalization (Fig 1) and the high level of C-reactive protein on the day of the rupture. Kurisu et al 18 reported that the ST segment usually returns to normal within 3 days of the onset of the disease and the T wave becomes inverted within 2 days, then becomes shallow for several days and deepens again at approximately 2-3 weeks. The QTc interval prolongs as the T wave deepens, and shortens as the T wave becomes shallow. If we assume the disease started 3 days before admission of the present patient, and we know the hospitalization lasted almost 2 days, we may conclude that after 5 days there was no ECG evolution in this patient. The persistent ST-segment elevation as a sign of continuing myocardial damage and possible cardiac rupture was also postulated by Ohara et al in their report of a similar complication in takotsubo cardiomyopathy. 8 As regards the C-reactive protein level, it is hard to interpret its high level only as a consequence of myocardial damage because the patient also suffered from acute abdomen (caused by mesenteric embolism); nevertheless, the heart pathology, at least in part, augmented the level of this protein. Finally, we cannot exclude the possibility that additional stress (ie, the symptoms of acute abdomen) aggravated the takotsubo cardiomyopathy and resulted in cardiac rupture.
It is also important to recognize that takotsubo-like LV dysfunction can induce thrombosis. 9 Mesenteric embolism occurred in the present case and we found a mural thrombus in the left ventricle. Thus, cardiac catheterization must be performed with caution, and adequate antithrombotic treatment is required to prevent systemic embolism.
In conclusion, (1) the LV functional abnormalities in the present case corresponded to the distribution and intensity of coagulation and contraction band necrosis in the myocardium and thus these pathological changes my be a cause of the contraction disorder in takotsubo cardiomyopathy; (2) contraction band necrosis is typical for catecholamine cardiotoxicity and may reflect sympathetic hyperactivity in this cardiomyopathy; and (3) the persistent myocardial damage expressed by persistent ST-segment elevation without typical electrocardiographic time evolution (for more than 3 days), especially associated with a high C-reactive protein level, should be carefully observed with sequential echocardiographic examinations because of the probable continuing myocardial damage and possible cardiac rupture.
